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Analysis and prediction of hazards associated with
thunderstorm for UAS operations
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 Characteristics of Convective Storms
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Thunderstorms! B
NCAR

Aviation Weather Center Collaborative Convective Forecast Product (CCFP)
* At least 3000 square miles, and

* A coverage of at least 25% with echoes of at least 40 dbz composite reflectivity, and

® A coverage of at least 25% with echo tops of at least 25,000 feet MSL

Cell and Clusters (>10 km) MCS (>100 km) Convective Squall Line (>1000km)

Increasing Scale of Impact

)

< Decreasing predictability




Diurnal Cycle of Summertime NCAR
Thunderstorms

Southeastern U.S. Frequency Reflectivity > 40 dBZ
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Hazards Associated with NCAR
Thunderstorms

» Low-altitude Turbulence — potential loss of flight control

» Vertical shear — potential loss of lift

» Sudden wind shifts — flight planning difficulties

» Strong winds — loss of flight control

» Heavy rain — damage electronics / reduce prop efficiency,
impacts visibility

» Lightning — RF interference can impact communications

» Microburst — catastrophic loss of flight control

» Hail — severe damage to aircraft



Thunderstorm Prediction

TITAN Extrapolation Autonowcaster
] O 0-2 hr forecasts

Storm In|t|at|on leellhood

FINECAST Wind
_Hetrievals

Climatology

- 19960620 zomm TIME LINITS: 23,0 24,0
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Thunderstorm Prediction

Consolidated Storm Prediction

for Awatlon (CoSPA) 0-8 hours

FAA System that blends radar
extrapolation and NWP to produce fcsts
of precip intensity and echo tops.

> Analysis include satellite, lightning, radar data
» 0- 8 hours

> 3 km resolution

> 15 min update rate / output frequency

» Overlays for aviation planning
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Analysis and prediction of ancillary NCAR
hazards

Ancillary Storm Hazards:

Sudden wind shifts
Low-altitude turbulence

New initiation along boundaries
Vertical shear above gust fronts
Microbursts

KFTG -- Denver, CO/Front Range airport 21:10:43 UTC Mon 27 June 2016
Base Reflectivity: 0.5 degrees, Precip Mode (c) UCAR htip: //www. rap.ucar.edu/weather/radar/
{ Voo L —




Wind shift boundaries B

Why is it a hazard? NCAR
Sudden shift in wind direction can send UAS off-coarse

Finecast — 4DVar Analysis and Forecast System
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Heavy Rain

Why is it a hazard?
Reduce propeller efficiency, avionics failure, reduced visibility

NCAR

WRF 6 hr Rain Intensity Forecast
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- Relative Frequency of Lightning Strikes NCAR
Why is it a hazard? _ o :
3 Vaisala's National Lightning Detection Network {(NLDN)
RF |nterference can cause IOSS Of comms. Cloud-to-Ground Lightning Incidence in the Continental U.S. (1997 - 2010)
UASSs not designed to dissipate charge? a
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Communication of Lightning Warning NNCAR

s \

g ‘§ PRy Nowecasting of

E % :- Lightning Potential

] E (Tactical Warnings)

g %n Required further Developments
Systems o~ AT R
CoSPA — analysis and prediction
NLDN, 3D Lightning, Bolt Alert §y 4
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UCAR Confidential and Proprietary. © 2016, University Corporation for Atmospheric Research. All right reserve




Vertical shear

Why is it a hazard?
Can knock UAS off course or cause loss of
control

Photo courtesy Pam Whittaker. Used with permission.

L

Terrain-induced wind shear &
turbulence at Hong Kong airport

-

Density current showing change of wind
with height

National Center for Atmospheric Research
Research Applications Program

Systems — Examples

* Ramp events example from wind
energy

» Juneau / Hong Kong wind shear alert
systems

Wind Profier




Microburst

Why is it a hazard?
Can knock UAS off course or cause loss of control
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Approximate transit time at 150-knot average ground speed 45 seconds

NCAR LLWAS

Winds exceeding 30 mph, gusts greater
than 50 mph
Sudden severe changes in vertical

} motions

Systems
« NCAR LLWAS
« MIT-LL TDWR




Hail N\

Systems NCAR

Why is it a hazard? TITAN — tracking & detection algorithms
Catastropic damage to fuselage Dual-polarization enhanced detection
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Summary of Hazards nucm

Hazard T

Heavy rain

Strong winds 1 3 3
Sudden wind 1 3 3
shifts

Lightning 2 3 3
Vertical Shear 3 5 3
Hail 5 5 5
Microburst 5 5 5

Scale: 1= concern,5 = catastrophic
Table sorted by impact to operations

Hazards can extend far from location of thunderstorm (e.g., wind
patterns, comms interference from lightning )




Summary ﬁ

NCAR
» Thunderstorms present multiple hazards for UAS

»NCAR/RAL has technologies for prediction of TS & associated
hazards that can be tailored to meet UAS needs

> Goal is to work with potential users to develop decision support tools
for efficient and safe operation of UAS

Future Capability:
Prediction / display of
convective hazards for a
region of interest.
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